Hydrogenase activity in the dry state: isotope exchange and reversible oxidoreduction of cytochrome c3.
Hydrogenase (hydrogen:ferricytochrome c3 oxidoreductase, EC 1.12.2.1) catalyzes three types of reactions, i.e., (1) conversion between hydrogen modifications, para-H2 and ortho-H2, (2) exchange reaction between hydrogen isotopes, and (3) reversible oxidoreduction of an electron carrier with H2 and protons. We observed that purified desulfovibrio hydrogenase in the dry state could catalyze not only the conversion and exchange reactions (Yagi, T., Tsuda, M., Mori, Y. and Inokuchi, H. (1969) J. Am. Chem. Soc. 91, 2801) but also the reversible oxidoreduction of the electron carrier, cytochrome c3 with H2. The rate of the conversion was in the range from 0.1 to 0.65 mol H2 converted per mol hydrogenase per s, and the ratio of the conversion rate to the exchange rate was near 5. The rate of oxidoreduction of cytochrome c3 in the dry state was 0.015 mol H2 taken up in the forward reaction and 0.003 mol H2 released in the reverse reaction per mol hydrogenase per s. The process of these reactions could be explained by the observations that the hydrogenase molecule in the dry state has protons which are directly exchangeable with H2 during catalytic process. The reversible oxidoreduction of cytochrome c3 is also explained by inter- and intramolecular electron transfer among cytochrome c3 molecules.